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(54) PHASE LATTICE AND ITS MANUFACTURE AND OPTICAL ENCODER 

(5 7) Abstract: 

PURPOSE: To provide a phase lattice minimized in zero-order diffraction efficiency to natural 
radiant light beam and a high reliable optical encoder using the phase lattice. 
CONSTITUTION: The phase lattice has a depth higher than depth (d') calculated by an equation, 
&verbar;n-nO&verbar; X (p-d7e)/p X d -( A /2) X (1 +2m) (where, m=0, ±1, ±2,...), using wave 
length ( A ) of light, pitch length (p) of the phase lattice, refractive index (n) of a base material of 
the phase lattice, refractive index (nO) of a medium around the phase lattice and shape ratio (e) 
of the depth of the phase lattice to the width of an inclined part of the recessed part. 



http://wwl9.ipdLinpit.go.jp/PAl/resuliydetail/mairi/wAAAuGaanyDA408 2009/08/27 



a9)H*BI#»Jt (JP) (12) ^ ^ 4^ 1^ ^ (A) (ll)#WailS^08#^ 

#11^-334609 

(43) ^MH ^^8^(1996)12^170 



(51)IntQ.* 






F I 




G 0 2 B 


5/18 




G 0 2 B 


5/18 


GO 1 D 


5/38 




G 0 1 D 


5/38 A 










OL Cat 11 


1 \ LU ■mil Hi 




WKW- 141532 


(71) eiiiiiA 


0000058Z1 












(22)mKB 




5p^7^(1995)6 ^8H 




*IRjffP1*ff**n«1006#Ml 








C72)3BW# 












;fc:E>&P1H*;^:^P^*Ci006»«j *&T«Sg 


















(72)56!fl« 


BS# 










AKJ»PW*;^*PWiooeilffli taT«Sg 


















(72)5fiW« 












:*:IRH*P1*Tt;*:^nKl006««i W^fm 


















C74)f^A 















(54) ^m<D^m] e«*&^i*c!>f^«;erj*36Wc^^scx>3-^^ 



(57) [Sl^] 

I n — no I X (p — d'/e) /pxd'= (A/2) x 

(H-2m) (fiU in=0. ±K ±2. • • •) 

-So 



(2) 



1 



I n-no I X (p-d'/e) /pxd'= (A/2) x 
(l+2m) (fiLs m=0. ±K ±2. • • •) 

c:i:;&#i!!^;-r§{4ffi1^?o lO 

I n-no I X (p-d'/e) /pxd'= (A/2) x 
(H-2m) ({lbs m=0. ±K ±2. • • •) 
•e»tii*n^}f^?d' J:t)«>;^t'S:j^?0^&?^x>y^ 20 

d" %Wffii-r5<::i:;&1fi[fc-r§IS*«2fB«ofiffl*S 

d' B#rBitcj:t)x>y^y^~(D?i^^ d' :^mmt^ct^ 

[iS*«5] X>y^:/^r%{lEit-&L46§X^;I/4^-;&ffl 30 

ffl]-r§2:ilCj;i9x<y=i^>'^'£D??g$ d' ^Mffll-TSdi: 

[ii^«6] )^?ii:> mmmss^^mm-^n:^%<Dmi 

I n-no I xd = (A/2) x (i 
(fiU m=0. +K +2. • • --efe^o ) 40 

[0 0 0 5] mm-rnii. oi^©@^/f7^?ss^S/J^t•r 

§f4ffl1§?-ea. HI 2 (a) (c^-r J; 5 fc{4fficDS.L,^ 

mmt)\ ^m(D<p>mm a o i / 2 cD^m^tc^s 1 0 

[0 0 0 6] L*^U x>y^y^'*^(Dji#(0:/n-trX:g: 50 



!|fig¥8-3 3 4 6 0 9 

2 

* X^mrt/^^ i;^#ll![i:-r^)t¥^xyn-^„ 

[ii«is 8 ] 6 m*f ^ n§ 7t*m^T#tt^*-r 

[000 1] 

^^ffi. $5.tt)^¥Sxy3-^-tcMu ^\z.mm 

-So 

[0 0 0 2] 

[0 0 0 3] {4ffllS?cD@JJf5cil*(i:> nt-L-yh^fe^t 

[0 0 0 4] m^is. iii LT+ 1 :kcomny&co3^^m 

Mtcj:t3«fiAcDl/2 C 

+ 2m) • • • (Si) 

[0 0 0 7] tfc. |W|C<X^y5^>'^^'l|Ojim(D:/P-t 

•So 

[0 0 0 8] ^(Dfz}^, &mi-(O^W^y:^^lis ^ 



3 

[0 0 0 9] dtDck^tc. ^TM^r^o^^mmi^mmi 

VV:Wt^ctff^-Vt. 012 (b) ic^t^dic. m 

I n — no I X (p — d'/ e 
== (A/2) X (1 +2m) 
^mtctCtlcrs^, flU m=0. ±K ±2. • • 

[0 0 1 1] ^(Drcib. mi 2 (b) t^f id^fiiffl 

o^cDiEifif7te*%ffi/htc-r§is??^^a. a 

[0 0 12] ^(om^^mBiCTjklro 09tt. ^U^ic 
mf^ 1 Ify 2 4 /tm©5i^^fiiffl*S?tC^b 

Txa.— r-r^-^ (f = 0. 5) iCLTB^ite^m 20 
fb^^irfciitO. tS^?^^i:0^^[HlSTa*^i©M^^^ 

[0 0 13] jBmttjmmiz. -rrji^^mmmmm 
^i^nmrn^^t^am^^ii. ^ i tc43t/>Tm= o i::i3 
v>T»{±i*nsis?^^dcoi:#u:. o'AEim%mtm 

$ < «;§(iif. 0^^[ilJfa**^'»hi:^§tS?j?i§$«J: 
^)^<*§c:i!*^^)-*^S. 30 

[0 0 14] x>y^yi;^^^©a^<r)7°D-feX%STf'FM 

^fc^. o:mmmm-^m'Hz.t^^i-m^^i.. sit 
[0015] doffl^d' ii-rna\ d'^isz^^^sta 

*n«c ■TJX— r^'*^^^^:Lfc^-a■^^:«^ 01 2 
(i^SL^V^o 40 

[0 0 16] z.<Dz.}i\i.. ^zii^tbm^ts^xh^tK m 

1 Otd©«?^^LT*5<o 

(e-1.2) tcLTxa-r^;&^{kS-&fc:i:#(0. 

[0 0 17] w±©ci;*^s. mm^mmmt^^ 

IS1«?^cov^T. Oi^0Jif?i)*»htcl-s^$ d' 



#li¥8-3 3 4 6 0 9 

4 

[0 0 10] 0:^©|5iJff)t5Sa%ffi/hi:-r§fci6tca, 

^^©M>oG' (D-Wi t(Dt\iS^%m.(0^'lM§: A © 1 /2 (D 
/p X d' 

• • • (1^2) 

mm(Dimm n » . ^ j; msffiis?© j^mt e i: j; 

[0 0 18] t^±^DJ:5^c^ 3t-U'yhft^t)hfLT 
[0 0 19] Lti^L. :i\^-]yyVr^m:^m)<cLX^ 

Mffl^'^^^nSo dOJcd^fes nt-U-y h5S:)^JX51.<D 

-So 

[0 0 2 0] ^fc. -aiBIS^O^'^iy^rSi: LT. M)S<0 
[00 2 1] $fc. SMSeiCfc'l/^Tffig^to^l-^^ 

^2'^lc*5V^T(i> X U >y h ® If f-:&|ffl;f>^ < 1" 5 d i: J; 

[0 0 2 2] }LZ.7,'h\ cl©)^«Sxyn-^ltj;5 
i:, laliK'ri'X^RU'a^vx^CTt&nfcXU^y h 

[0 0 2 3] $fc. )^:t^aill*^5®tti;bfi^AW^^© 



5 

[0 0 2 4] -j^. )t^Sx^n-^i:LT(i. mm 

[0 0 2 5] tc?>ti\ cOT^Jgi^aSxyn-^lc 
[0 0 2 6] ^cx\ ±tLr±i:k<Dmifr^<D^^m 

[0 0 2 7] -rsrtj-fe. =it-^>h^)t%m*fr5)t 

3 BS:tf^»)iiiff«3 4 B mm&mnuRts^mM 

lHlifffiRtf^ftlilfff«^jliiLfc+ 1 i^®|il»f7t*±fE 
7t^mil«0>te1^mg|5tC*)t$-&5P^X3 5 <!;«-«^T 

[0 0 2 8] 7^ili3 l*^6ttil<f$nfc7tii:3'Jp(-M^ 

yX3 2iz^K>m7mc-$nrc^. mmmmms 3 b 

^nSo @^lH]J/T«3 3 BtcAWtfeTta^ KS£«3 
3 Btj;cTli]ilf$n. 0:k(Dmn)t4 0s +1^A<D^ 

m^4u -r^<Dmm^42. ••••tLxmtrt 

[0 0 2 9] ens ©0^X7^40, 4 K 4 2 {i. #ij 
IiI*fS3 4 BfcAMLfc^. *?>fc[iI*T7^i:LTtH*f^ 

(n. m) (fit. nf^HSlHlWSS 3BtCcfc§[HlSf^ 

lit. m^mmm^m 4Bic^^mtn^m^^n^^n^^ 
to ) <j:bT*-ri:. ^mmnm 4 B^aiMi-simff 

)^^tT{i. (0. 0) ©0^7165 0. (+K -1) 
cDHSTTieSK (- K + 1) OlHlfffT^S 2. (-2^ 
+ 2) ©IilSf)t^ (+2. -2) (DW\9r^. "' \ 

[0 0 3 0] ^mmmms 4 B;&Mc^>ftTSit^iR] 
(0 7 izmf?>±-ryj\^) ic-^m&v^mt^^ 



(4) 1f§g¥8-3 3 4 60 9 

6 

#r)te«Dfifflt>i>fLTSfk-r§®T\ ^J^« (+ K - 

1 ) (Dmnyts it (- k + 1 ) (Dmm^5 2 tt^=f 
[0 0 3 1] fHiiitc. (+1. ~i) (Dmfrjfts It 

(0, 0) <DWi1ifr^5 0t(D=fm^. fe5t/>a (-K 
+ 1) (Omm^SZt (0. 0) ©[HlfJf7t5 0i:cD=F» 
«®)t§ifit^ftlHlSf«3 4 B©^S)tff oTSfflfi^t 

10 [0 0 3 2] (0. 0) ©mfiTTtS Ofi. (+ 

K - 1 ) €i[llSf)t5 1 (- K + 1 ) (OmtiTTt 

5 2 i:=F?$L. Sl£[i]fjT«3 3 B &t5^a)[Hlf/T« 3 4 B 

js^^gA ^ =8: K-^mmmm^coiu t^t t)^^mm p 
iEKiSJ^T'S§a*M (06 (b) (Dumm 

[0 0 3 3]-*. (+1. -1) ©mtTT^S 1 i: (- 
K + 1 ) (Ominyt 5 2 iitiSt^tcTr^b. ±IBS« 
20 t^^LT 2{g®ja)g|!(^W-r§IEK?SJ: 0 ^§ 2fgJ3S 

(06 (b) ^0m.) (Diammibn^, 07tc*5 

V^T. 5 3li (Os +1) ©IllSf7l6^> 5 4{i (+1, 
+ 1 ) ®liI*f7t*^-n^tlS^UTV>5o 
[0 0 3 4] 7t^m#l3 6©7t«Ma^ffi/J{i> »?! 
LT^T^. 06 (a) ©cfc5t^A.fc?SJ^i:bTt#6 

n?>^ticrj:?>o com/otemBit. 06 (b) K^t 

[0 0 3 5] ^(DTcisb. ±.miiLm^^mmt^yt<Do 
30 o^olHIt(f7^of|J^*^^v^^^^. o^©iiSr7Ki:± 

[0 0 3 6] 

-\yyh-fS:mcMLXBniimc-^tlXh^^mfX$>^o 

m^L E m<Dmi}kmmmt^m.tttmLxiz 
t < ^?>rci6s ^m<Dmi9mmmE(Dfcibiai led 

xi,. zi\i-uyhr^ytKMLxmm%m^mmtm 

[0 0 3 7] L*^L. c:(7)^fr{i:ni;-U'yh:fe3^j;^5^ 
50 **fi^CD%^#*^MtBLfCo tSiimm^^^^t^^ 



7 

[0 0 3 8] t/c. iim^'foimy^mt bT«^%:^ 
[0 0 3 9] ±sB©.i:5^7t¥i^xyn-^' 

[0 0 4 0] L*^L. mmmmm^t^&m^^ 

[00 4 1] ^mmt±mr^mj^-.icm^. m-ic led 
^m^miLrcm^^^mmu mr.iz l e d^pcds 

[0 0 4 2] 

©JSSf^no. HulEIHIgl5©M«4g|5©i|gtC^-r§*S?^* 

I n-no I X (p-d'/e) /pxd'= (A/2) x 
(l+2m) ({BL. m=0v ±K +2. • • •) 

[0 0 4 3] lf5Ra2fB«Ofl0^(i> {uffl1«?^J^fi!cT 

fitils? o If >y p . m.wm^<DW^(Dmmm^ 



(5) #|^¥8-3 3 4 609 

8 

I n-no I X (p-d'/e) /pxd'= (A/2) x 
(l+2m) ({lU in=0, +K ±2. • • •) 

Co 0 4 4] w*s6l2«o^H^^i^ m^h. m^'m 
m:mmhrc± i i^cDiifjT7fe>&±fB7te^mtgcD)titttigp 

[0 0 4 5] 

[{tffl] l»#:«llB«0^^tj;n(i\ LED#©. g 
[0 0 4 6] ^(D{fm^t.-Oh^X(D%'^rj:mm^t^rcXh 

20 mt. 'itmtLx^mwLWit^m^-^^t\ ^^hmmm 
i-u^^c^mtf^^x^^^hxh^o ^mkM'9tmmm. 

iiO=F^1±®MS*\ oi^osra^^a-j^tc-r^ig 
[0 0 4 7] mim2tm<^mmziini,i. ^^m-^ 

m^m^bic-r^rcibcD'j^^om^^m^^xwmn^^ 

'?m-^^^i^±^^j:mKt^ctti^x^. mmmyt^ 

[0 0 4 8] mMmmm<Dmmc^tni. mmmm 

(/^L e Dm<D^mmm^^mMir^m.mmu 

)tOMSi: b°>y5^S. 

^ y ^^m<Dmn<^ 7°d -tr x ^igrits * n § 

bfcfiffli^^^^gffl-r § ii t J; D s +1 ^mm^%t 
=^wr^^h\z^-Dxymm^(Dmtim^\z^^±\:,-^ 

50 -etSo 



(6) 



[0 0 4 9] 

[0 0 5 0] Ma^©Jit)^ o^km^m^^MA^ict^^s^ 

[00 5 1] 01 a*^W®|li6fifi?!lt^5 S I 02Sfi[ 10 

d " a. 

d"=d'x Cl+Ad') • • • (5^3) 

T-fe-pTs ±f^©oi^IHIfff^*^s/J^^c•r5^s?^^^D 

[0 0 5 2] \£y=f&2 A nm(Dm^^J:^Tm-^ d" 
(6 5 0-80 0 nmSS) ^^t^iUm^^^im 

[0 0 5 3] 0 1 n*. mmmmvim-r^mmm^ 20 

[0 0 5 4] ^t. um^^ojfm^imL^ott^ 
Km^u wimmLfcmm-vh^yth^xi^ 62^ 

5o 30 
[0 0 5 5] ^-CD^. a^<DH9^x>y^ya'*gg (0* 

d' =d X (1 +A d) 
= dx (1+0.02) 
= (A/2) /I n-no | 

[0 0 6 3] S-r. 7teMi:LT. SI»Stftf7^T^fe§He 

[0 0 6 4] ^CDISH^H 2 (C.^to mmt 1 :^^[i]Jifa 
*t>it-r5 0^[llilfa*«r. 1 t*5V>Tm= 0 40 

^mt>to *4b\ H e - N e IfTtOlSft A « 6 3 3 

n mT\ c (D^mic^i<f^iiLm^^m(ominm n 

1. 4 5 T-^fe^o 

loo 6 51 mzcDii^ti^lb. A d/b^2%gg-^fe5fit 
ffltS?. •r'9:t5-fe. *S???g$d";{)^^4£Dd'-efe§{4 

[0066] ccoi^^K. mmmmyt^ytmtt^m^ 
t^un(Dmmmns amm^commcDm^mno. so 



!^F?S¥8-3 3 4 60 9 
10 

*^*B&) ^ffll'^TX<y^y^'';9'X6 4 t<fcf9±i:tT7 

[0 0 5 6] :iiy^y'^'U~ht3L>y^y 

[0 0 5 7] ilcD^. Sofc7:d-Mx>/'Xh*^f£-r§ 
il i: J; fitiiiS?0?^«*^{tS-e* 5c 

[0 0 5 8] im^^(Di&Ti^~&(o$mmi^^mtsi 

tJ;-:3TffcfCo }^?cDiJ^^Mtt5 nmgfiT^§o 

[0 0 5 9] ^fc, um^^mmmts EURtf^^ 

CO 0 6 0] ■^m(OimKm^^rcCH¥3:ff7.Xlt. E 

(DW<^m^^^t^mm^'^mmm i . i ~i . 5g 
As ^s-e*t)-ri;4 8~5 6° mmxh^rc, 

[0 0 6 1] ^(Dfcib. 09©IS^fcfelt5Jgmi. 

2(D&mf)'^ mviit 1 . 1 1 . 5©{]iffits?tc*5it5 
o:^0W?ii*a/jNco A d commmbt i . 2 ©^^tirt 
iKUTo. 1 %gg©M%*1-§^cii^T^ mux^^ 

Tco ) . oWff^*%S/J^^c■r§l§?^^^d'a. 

1 tC43V^Tm= 0 i:*JV^Tt#6ni.{id <fc 2 %Sg 
[0 0 6 2] 



X (1. 02) • • • (^4) 

^mm^^iOjB^ite tic^-DXWBi-^n^mititn 
lis o^A^m^m^m^Hct^^tifxt^o 
[0 0 6 7] ymthXs '^^mmytx^^LE 

xm^n^mdti'^com'm-^co-rncom^^ d^mt) 

to ISfflLfcL E Dtt3a$Sl?$.ti. cl'^L^jE^ftA 
(i*n?~n5 6 8^ 6 1 4. 6 6 0 nm. Sft^^^J^H 
tlfe 2 0 nmSS<0¥^l♦i%W•r§illS5?f'^/^y7y^)>^T' 
[0 0 6 8] ^>^®t^'^L^&fit^1-5{4ffl^&?^^^4oa 
fif^na. ^n^ni. 4 5 9. 1.457. 1.456 

03^t'(7)O{it^liil^^6ft5 6 8 nmOL E DJt 
^s @«ff'DSft6 1 4 nmCOLEDT^:^. •at^^^L^)S 
ft660nmC0LE D)t^^ffl Lfcii-^^mfira^^g 



(7) 

11 

[00 6 9] ms ©ISSJb^e.^ A d A^' 5 ~ 7 %u&x^h 

[0 0 7 0] ccD^oic. ^imMyt^^mtir?>m't 

oTWtti*n5fiict>3fe3~5%:^tt/^ffit-rntf. o lo 

[00 7 1] j-x±(Dj;dtc. ^mt Lx^fmim^i^. 
■5 1.0-1.4 ©fl^m*w-r t 

[0 0 7 2] 04ti*||»J}C^§^^Sxy3-^'£D 

w.mim<D&.m^^^^LymKMLxmmKm^-^n 20 

^^imiefKT'feoT, H^[llSf|g3A£DteffllS?i:^ 
4 A (DffiffllS? (iSv^tc isl Cffl^^&W LT 

[0 0 7 3] tfcs iiiKtcfev^T. 5immmmu4 A 

;l/^-T'fe^o 30 
[0 0 7 4] ^mmmic%^yt^^:r.ya—^lci3\^^X 

its 1 *^p.tiiit$nfc)tti3 u ^- h ]yyX2izx 
^mmic-^ntcm. B^mtfrfis At. ^m^nif/f* 

3 AtcMLTIil&Slt©73|nl!b^6.A*f$n§o 

[0 0 7 5] H^mSrlSS AtcAlfLfc^a. 
3 Atct^THlJjfSn. 05^©|llSf7tl 0. +l^M(DM 

[0 0 7 6] dtietOHfiTTt 1 0. lU 12a. 

[0 0 7 7] <i(D^mmmM4 A-b^ibiii^-^tircmifrjt 
* (n. m) aiu mm^mfrm Mz^?>mw-k 

tLxii. msicTT^t^oiCs (Os 0) omiffytz 

0. (+ K - 1) ©lllSf)t2 K (-K+l)cD[iI 
imZ2. (-2. +2) ©HlJ/TTt. (+2. -2) © 
[HJjfJie^ *^~$.§o TctcU El4^c43V^Ta. 

cDiP^±. (-2. +2) ©lHl^lf7t^ (+2. -2) CD 50 



1flB¥8-3 3 4 6 0 9 
12 

[0 0 7 8] ^W}mmm4 k^mttcMLxmmi3\^ 

m9t<Di<Lm\cMLxmitt^(ox\ m^is (+k - 

1 ) (DMimz It K + 1 ) (Dmn^tz 2 tff''^ 

[0 0 7 9] list. <i+ u - 1) omn^z 1 1 
(0. 0) (Dmmytz 0 t(D=fm^. ^sv^a (-1. 
+ 1) (Dmm^2 2t (0. 0) (omvrytz 0 t(D=Fw 
ii&<Dytm&t>^mmifrm4 A©#iitc#oTSfflWtg 

[00 8 0] (0. 0) ©111^7^2 Oti. (+1. - 

1 ) cDmm^2 1 ^o^ti (- K +1) «[Hisf3ie2 2 i: 

T^L. HS@fifS3 ARtf^il@J/fS4 A©g{£^EJg 

(06 (b) coai;f3!f)^#P.n5o 

[0 0 8 1]-^. (+ K - 1 ) ©[HJffTie 2 1 i: (- 

1 . + 1 ) (Dmn^2 2 timiAz^mu ±f2S*s 

(06 (b) ©a];':*^t#P.4a§c 
[0 0 8 2] i^. H4t*JV^T> 2 3« (0. +1) CD 
lalfif^t*> 2 4 (+ 1 . + 1 ) cDIHlJfTt^^n^n* 

It. m^Lx^s-rt. me (a) (o^^ic^ivrmBt 
hxm^n^ctizr^^o ccDS^^w^i^ me 

(b) iz^.ir^diCs »*McDfig^. 2{gJ3tScDfig^^^ 

^(DX\ (0, 0) <D|lIf/f^2 OaiS^T'feSo *CDfc 
i6. 2{gar^^cDfi!c^)-cDMttja^^tBItgi:;Q:i9, ffi^^i|f 

[0 0 8 3] 

Sft A -fi^i^S? CD If g^fi p . KfetB^I^ cDBf/T^ 
n. IS{it^B*S^cDiaHcD«ScDffiJjT*no. St>'x-yf- 
yi'"l|cDa^cD:/p-fe7.^STf^S*n5^^tcBi2;NM 
JFM^n^ Hgp flg^ cDil^Tfe §li#4gPcDiH{c 
^•r?.^??^^cDj:b-eS§Jgmbei:A^6. 0^^[5lJlf5S) 

[0 0 8 4] w #iB 2-4 mm(oim^'?im-fimc ^ 



13 



no 

[0 0 8 5] mMm5. 6f5fc©3t^Sxy3-^?tr:J: 



mmmmwmi 

[02] i5i*5gfytc*5tts. sf«M«3tt*fr§o:^ii] 

[04] ig|l«^J©Sffit&?^fflV>fc^^^y3-^ 

[H5] ia4CD^^Sxy3-^*CDSg|5cDMBS«fiK0 
[06] E4cD)t¥^xy3-^lj:43tt^tii;^{t-^MJ^ 



(8) #M¥8-3 3 4 609 

14 

* [0 7] iif*0!l©^^Sxyn-^-cD«iiiS«fig0 
[08] ji#ofeffl*S?©»rffi0 
[0 9] f4ISIS?©IlSf^^i:*&?^*©M^©. 

[01 0] {4ffitS?©lH]gTa*i:IS?S$cDM^cD. x 

3.-x^'ft#i4%^-r0 
■txm 

[01 2] 1i&?}^«i:S.5i;OM^0 

10 m^(Dmmi 

2, 3 2 =iV y^—hUyX 

3 A. 33B H^^g^K 

4 A. 3 4B ^m^^U 

5. 3 5 m^uyx 

6. 3 6 )t^tHf§ 

7. 3 7 7t1^aig|5 

8. 3 8 jaSm#giJ7^';b^- 

6 0 as 

20 6 1 y^hUi^Xh 
6 2 yth-^Ts^ 
d. d" tS^j^* 
1 tf^y^©** 

ff^k (a/d) 
'f:3.~-7--f (c/b) 




■7-77-7-77 



///////^ 



[02] 
□ He-NeL/— tf 




-e-1]-6-6-4-e 0 2468I)EHB 1B20S24 

(%) 



(9) 



#lfW8-3 3 4 6 09 



[03] 



CK5] 



O LED(A==568nm) 
O LED(A=614nnri) 
• LED(A=:660nm) 



4A 





^-10-8-6-4-2 0 2 4 6 81012141618 20 22 24 
Ad {%) 



(+ K-1 ) 
( 0, 0) 
(-1 .+1 ) 



(+T .-1 ) 
( 0. 0) 
(-1 .+1 ) 






38 

J 



(11) 



#ia¥8-3 3 4 609 



[09] 



[01 0] 




/ / 


. — . 




\ 




o 






7/ 





[011] 



(a) 

_61 -J^V-V^'JX^ 



J60 ai4g 



(b) 




[01 2] 
(a) 







1 — 


no 




r 
d 








■ > 








p 






J 





G' 



(c) ':>:^\-^V':ih<0J'^9—y 

^63 

E?^ YS^ ^ — P?^ , 



(d) 



64 i«/9=->^i^;tf:;c 




(e) 



(72)^B^# lEsa^ (jzmmm wm 



